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" Background 

Harringtonines (i.e. harringtonine = HA and homoharringtonine ■ HHT) are particular 
cephalotaxine esters, alkaloids isolated from rare and endangerous conifers belonging to 
the Cephalotaxus genus. Cephalotaxine and its natural ester are gathered under the 
generic term of cepha!otaxane. 

Definitions fsee following scheme 1): 

■ Cephalotaxanes are particular alkaloids today only extracted from the Cephaiotaxaceae 
family which exhibiting the structural formula 1. Several substituants may be 
encountered on this core structure: hydroxyl, ether, acyloxy etc. The eventual presence 
of some additional double bound or intramolecular bridge achieve to definite 
cephalotaxanes. Cephalotaxines 2 and ham'ngtonines 3, are examples of 
cephalotaxanes. Several dozen of cephalotaxanes have been isolated from various 
Cephalotaxus species. 

• Cephalotaxanes are unnatural structural analogs of cephalotaxanes. 

• Cephalotaxoids is a generic term which groups together cephalotaxane and 
neocephalotaxanes 

• Cephalotaxines 2 are cephalotaxanes without acyloxy side-chain. Cephalotaxine 2a 
and drupacine 2b are example of cephalotaxines. 

• Harringtonines 3 are particular cephalotaxanes formed by attachement of a branched 
hydroxy acyloxy side-chain at the 3-positIon of various cephalotaxines moieties. 
Ham'ngtonines are natural esters of cephalotaxines exhibiting generally a strong 
cytotoxic activity. However the lost only one atom of this minimal structure lead to a 
dramatic lost of activity (see below). Some example of harringtonines are harringtonine 
3a, homoharringtonine 3b, drupangtonine 3c, anhydroharringtonine 3d and 
neohamngtonine 3e. 
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In the above formulae 3 and 3 the different substituants have the following definitions : 

• R 1 is H, OH. OMe, O-{CrC 30 )-alkyl, O-aryl-(Ci-C 30 )-alkyl, 0-(C2-C3o)-alkenyl. 0-(C 3 - 
C 30 )-cycloalkyl or null and 

R 2 is H or OH r or R\ R 2 form together -0-. 

R s sR 4 s OMe or R 3 and R* form together -OCH 2 0-, 



R 6 is H, OH, OMe, 0-(Ci-C3o)-alkyl. O-aryKC-C^-alkyl, O-(C2-C 30 )-alkenyl, 0~(C 3 ~ 
C3o)-cycioalkyl or O-aryl, 

Z - 0, S, or NH, and 



or Z- R B is NR 12 R 13 , R n and R 13 representing respectively R 9 and R 10 , 

R 9 , R 10 , R 11 are independently H, C r C 30 alkyl, C 3 -C 30 cycloalkyl, aryl, aryl-(C r C 30 )- 
alkyl, C2-C 30 alkenyl, C 2 -C 30 alkynyl, Ci-C3otrihalogenoalkyl, Ci-C3oalkylamino-(Cr 
Cso)alkyl, d-C 3 o dialkylamino(Ci-C3o)-alkyl, or amino-(Ci-C M )-alkyl, or 



where R 14 , R 15 , R 18 are independently H, halogen, C-i-Cao alkyl, Cs-Cso cycloalkyl, 
aryl, aryKd-CaoJ-alkyl. Cj-C 3 o alkenyl or C2-C30 alkynyl, Ci-CaotrihalogenoalkyI, m is 
0to4. 

each of these groups including or not heteroatom(s). 



n is 0 to 8, 





Introduction 



Cephalotaxine esters such as harringtonines [i.e. homoharringtonine (HHT) and 
harringtonine (HA)] were first investigated in China and reported to be active in myeloid 
leukemias, including Acute NonLymphocytic Leukemias (ANLL) or Acute Myeloid 
Leukemias (AML)[1]. Early Phase I and II studies confirmed its antileukemic activity but 
documented a high incidence of cardiovascular toxicity with short-infusion schedules,[2. 3] 
and with higher-dose continuous infusion sehedules.[4] However, definite activity was 
observed in AML, acute promyelocytic leukemia (APL), and myelodysplasia syndrome 
(MDS) Including AML related MDS.[4-7] A lower-dose longer-duration continuous infusion 
schedule of HHT (2.5mg/m 2 daily for 10 to 14 days instead of 5 to 9mg/m 2 daily for 5 to 7 
days) abrogated the occurrence of cardiovascular complications including hypotensive 
events and arrythmias which occurred in less than 5% of patients with the new 
schedule.[7] This observation, together with the noted antiproliferative effect of HHT, 
resulted in further studies of the new schedule In CML Subsequently, the efficacy of HHT 
alone in patients in late chronic phase CML (duration of disease more than 12 months), 
many of whom were interferon-alpha (I FN) resistant, and in sequence with IFN in early 
chronic phase CML was reported.[8, 9] In both studies, significant anti-CML efficacy was 
observed. It should be pointed out that numerous studies using HHT alone or in multiple 
combinations, in the setting of myeloid leukemias, were carried out in China these past two 
decades.[10-38] 

Cytarabine (ara-C) has shown activity in CML as a single-agent, and in combination with 
IFN. [39-41] HHT has also been reported to be synergistic with ara-C and/or with IFN in 
preclinical models .[42, 43] The limited therapeutic options of patients in late chronic phase 
CML and the efficacy of both HHT and ara-C in wfra[42-46] and in wVo,[8. 9, 39-41] led to 
a recent successful investigation of HHT and low-dose ara-C combination In patients who 
have failed IFN regimens and in de novo patients.[43, 47-50] Among patients treated in 
chronic phase, 72% achieved CHR; 31% achieved a cytogenetic response, which was 
major in 14% of the cases. Considering that the study group included mostly IFN resistant 
patients in late chronic phase who had few therapeutic options available, the median 
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duration of disease control of 10 months, and estimated 4-year survival rate of 55% were 
favorable. [50] Comparable, or even better results, have also been reported by Ernst et 
al.[43, 47-49] using HHT 2.5mg/m 2 daily and ara-C 7.5mg/m 2 daily by continuous infusion 
for up to 14 days. In their report, the CHR rate among 44 patients treated was 93%, and 

5 cytogenetic responses were observed in 16 of 36 patients (44%) treated for at least Six 
months. Their study group included 14 patients in early chronic phase CIVIL all 14 (100%) 
achieved CHR, and 11 of 13 evaluable (84%) had a major cytogenetic response. 
Moreover, triple combination therapy using low-dose of HHT plus ara-C plus IFN in the 
setting of de novo patients with CML, gave very encouraging responses.[51] A number of 

10 Chinese studies used HHT plus intermediate dose of ara-C, vincristine (Oncovin) and 
prednisone (treatment called HOAP) in AML and CML. [10-18]. Oniy one U.S. study used 
HHT combined with cytarabine given at intermediate dose.[52, 53]. In conclusion, the 
combination of HHT with subcutaneous cytarabine is practically always recommended by 
the medical community where HHT alone is efficient. 

15 

in addition, Sacchi et al. [54], recently pointed out that combinations of HHT with another 
nucleoside such as 5-azacytidine (decitabine) is very promising in the treatment of 
advanced phases of CML. STI571 

20 As recently stated by Kantarjian et al. [50] the route-schedule delivery of harringtonines 
may expand their potential use in hematologic and even in solid tumors.[55] The 
continuous infusion (CI) schedule, while effective against CML, is cumbersome and limits 
the investigation of even lower-dose longer-exposure schedules (e.g. 0.5 to imgftn 2 for 3 
to 4 weeks). A safe subcutaneous (SO.) schedule could allow reinvestigating 

25 harrtngtonines. not only in CML, but also as maintenance therapy in AML. as differentiation 
therapy in APL, and as a chronic subcutaneous low-dose schedule in MDS. 

In summary, if ft can be demonstrated that the SQ mode of administration is possible 
such discovery could rejuvenate/revive anti-cancer research involving harringtonines. 

30 
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Until now, a natural version of HHT has been used by the U.S. National Cancer Institute 
(NCI) in its clinical trials. Surprisingly, although more than thirty studies involving HHT 
have been performed, the subcutaneous mode of administration was never used in any of 
them.. It should be pointed that before 1985 the base form of alkaloid homoharringtonine 
s was used for animal screening and in early studies in humans in the U.S. Since 1985 an 
acidic preparation bearing a pH ranging from 3 to 5.5 has been used for all clinical trials 
performed under the auspices of NCI. 

In summary, until now the use of harringtonines by weekly or more continuous intravenous 
io infusion has lead to a number of disadvantages which have prevented its large scale use. 
Such drawbacks include: 

-General infections, mainly frequent septicemia due to direct introduction of germs by 

catheter systems 

-Need of highly trained personel and often even hospitalization of patients for the 
15 application of the therapy 

-Difficulties to use such drugs using very low doses permanently 
•Difficulties to use such drugs in the case of elderly and younger patients. 
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Description of the invention 

The present invention describes a new method of therapy, its use/application in human 
5 and animal diseases and disorders, particularly cancers, leukemias, lymphomas, parasite 
diseases and therapeutic resistance to other agent, by the subcutaneous mode of 
administration of a drug based upon harringtonines such as homoharringtonine or 
harringtonine their salt and tautomeric form eventually combined with one or more 
ehemotherapeutic agents or inhibitor of resistance, using a specifically adapted formulation 
10 in which (i) the pH of the formulation or constituted solution for injection ranges between 
5.5 and 8.5, (ii) the harringtonines are solution or hydrophilic freeze-dried powder ready-to- 
reconstitute of buffered salt of homoharringtonine or harringtonine and, (iii) the level of 
chromatographic purity of harringtonines suitable for pharmaceutical use is higher than 
99.7 %. 

15 

An important aspect of this invention is that the formulation of salt form of harringtonines 
administrated in mammals by the subcutaneous mode of administration has had much 
better bioavailability than the base form of the alkaloids harringtonines used in early 
clinical trials. 

20 

Another aspect of the invention is that harringtonines may be combined in the same 
subcutaneous injection with another chemotherapeutic agent, such as cytosine 
arabinoside. azadeoxycytidine (decitabine)or troxacytabine. 

25 Further another aspect of the invention Is that the subcutaneous mode of administration 
can be performed by bolus injection at regular intervals such as one to four injection a day 
during 1 to n days for a cycle of n days, n being preferably 28, or by continuous 
subcutaneous infusion. 

30 The main advantage of this invention is the excellent local tolerance of the drug 
administrated subcutaneously. Simultaneously, and due to the excellent bioavailability 
discovered in animal experiences, the durability Of the therapeutic efficacy is expected, 
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" particularly against leukemias, compared to the existing continuous intravenous mode of 
administration. 

Another advantage of this invention is to improve the quality of life of the patient (absence 
5 of permanent infusion system), especially when the new method of therapy is applied to 
outpatients, older and/or young patients. 

Also, another great advantage of this invention is the self-administration method or 
administration of drugs based upon harringtonines by persons with minimal medical 
10 training such as the family of the patient 

An additional advantage of the new method of administration is extending the use of 
drugs based upon harringtonines to animal cancers and leukemias which is not easy 
using the standard continuous infusion method. 

15 

Another aspect of the invention is that the application of the new method of treatment 
reduces the risk of general infections such as septicemias. 

An additional aspect of the invention is that it does not necessitate the use of additional 
20 administration operation when harringtonines are given in combination with subcutaneous 
cytarabine as a compatible mixture. 

Yet, another advantage of the invention for the patient is its lower cost ( absence of 
additional costs related to the existing complex delivery systems such as electronic 
25 pump, disposable continuous infusion systems and hospitalization ) 

Yet another aspect of the invention is the preparation of a new family of stable 
formulations of harringtonines exhibiting a weak potential for skin irritation, which would 
permit a safer long-term use of the drug. 

30 
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Examples 

Example 1 

Preparation of HHT hydrochloride drug product for subcutaneous injection 

S 

Highly purified (HPLC purity 99.95 %) crystalline HHT drug substance (150 grams) is 
dissolved by mixing in acidified (one equivalent of hydrochloric acid) water for injection 
acidified by until total disappearance of solid phase. Pharmaceutical grade mannitol (300 
g) is dissolved, then pH is adjusted to between 5.5 and 7 with 0.01 N HCI or with 1% 

10 sodium bicarbonate, then the clear resulting solution is sterilized by filtration. After 
analytical controls, 30,000 5-mL sterile vials are filled with the preceding sterile bulk drug 
solution and submitted to lyophillsation (-40°C, 0.05 millibar). After usual sealing, labelling 
and control the batch was released. All operations are under control according to the 
current Good Manufacturing Process (cQMP) for parenteral drugs required by the United 

15 States Food and Drug Administration (FDA). 

Example 2 

Comparative Pharmacokinetic Study In Dogs After Subcutaneous Injection of 
20 5mg/m2 Of Hydrochloride And Base Forms or HHT 

SUBACUTE TOXICITY AND PHARMACOKINETIC SCREENING OF TWO FORMS OF HHT 

Species/Strain: beagle dog 

25 

Number of animals/sex/dose: the same dog was used for each treatment 
Dosing: treatment 1: 0.25 mg/kg of substance A (HHT-hydrochloride form) 
treatment 2: 0.25 mg/kg of substance A (HHT-hydrochloride form) 
treatment 3: 0.25 mg/kg of substance B (HHT-base form) 
30 Mode: treatment 1: Intravenous infusion (IV) 

Treatments 2 and 3: subcutaneous injection (SQ) 
Schedule: treatment 1: continuous intravenous infusion (CIVI) for 48 hours (days 1 and 2) 
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treatment 2: single subcutaneous (SQ) injection on day 5 
treatment 3; single subcutaneous (SQ) injection on day 11 
Duration of treatment: see § administration/day 
Formulation: treatments 1 and 2: sterile isotonic saline solution 

Treatment 3 : aqueous solution in 0.5% hydroxyethylcellulose with 0.1% Tween 80 
Analytical method: HPLC with fluorimetric detection 
Clinical examination 

Treatment 2 : yeJIowish vomiting, soft feces, transient decrease in activity and 
hypersaiivation, 

Treatment 3 : liquid feces with presence of blood, hypersaiivation, decrease in 
activity, pallor of gingival mucous membranes and decrease in activity. Following 
these signs, the decision was taken to sacrifice the dog on ethical grounds on day 
11. 

Body weight 

- After treatment 1 : body weight loss of 1 .1 kg, 

- After treatment 2 : body weight loss of 0.4 kg. 
Pathology 

- macroscopic post-mortem examination: thickened, edematous and reddish colored 
thymus, firm consistency of heart, many greyish foci on liver, several greyish 
nodules on spleen together with irregular surface, enlargement of kidneys together 
with several greyish foci, dilatation of ureters together with reddish contents, 
thickened mucosa of urinary bladder together with many reddish foci, reddish 
colored mucosa of the stomach and intestines together with thick reddish contents, 

- microscopic examination of the skin biopsy (taken on day 6): the test substance 
was well tolerated at the local level. 

Toxicology Conclusion 

The test substance HHT, when administered to one dog by continuous intravenous 
infusion for 48 hours (as HHT-hydrochloride) or by subcutaneous injection (as HHT- 
hydrochloride) and HHT-base) at the dose-level of 0.25 mg/kg, resulted in good tolerance. 
Second subcutaneous injection (HHT-base form) result in mortality 8 hours after the 
beginning of the treatment. It was not possible to conclude if mortality was caused by 
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cumulative toxicity or specific toxicity of the base form of HHT. Prior to death, the principal 
clinical signs included liquid feces, hypersallvation, decrease in activity and pallor of 
gingival mucous membrane. 

No clinical signs were noted following the CIVI. However, the dog showed a body weight 
5 loss following the IV and first SQ treatments with the test substance A (HHT- 
hydrochloride). 

Histopathology of a skin biopsy taken the day after the SQ injection of HHT-hydrochloride 
demonstrated that the test substance was well tolerated at the local level. 

Pharmacokinetic 

10 BlOOd samples were collected at time 0, 30, 60, 120, 240, 480 minutes and 24 hours then 
HHT concentration was determined in plasma by an HPLC method in using a fluorimetric 
detection. The evolution of concentration in function of time was plotted as showed in 
below figure. Maximum of concentration reached 112 ng/mL after 2 hours for HHT 
hydrochloride versus only 18 ng/mL after 0.5 hours for the base form of the alkaloid. Area 

15 under the curve (AUC) was 280 ng/mL x hr for HHT hydrochloride versus only 86.5 ng/mL 
x hr for HHT-base. Calculated rate AUCHHT-hydrochioride/AUCHHT-baM was 3.24. 
Pharmacokinetic Conclusion 

After subcutaneous injection in dogs, the bioavailability of salt form of HHT is considerably 
higher (triple) than the base form of this alkaloid. This finding combined with time and 
20 level of blood concentration indicates that subcutaneous mode of administration of HHT 
hydrochloride compatible with human use 

The results of the pharmacokinetic study are illustrated in the appended Figures 1 and 2. 

25 Example 3 

Investigational treatment a patient (No OP-99-04 #01) with an acute leukemia by 
subcutaneous injection of low-dose HHT hydrochloride 

30 M, Mont. (No OP-99-04 #01) was a patient with an acute myeloid leukemia resistant to all 
available approved and Investigational chemotherapies. In addition, this patient was not 
eligible for bone marrow transplantation. All current good clinical practices and applicable 
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"ethical rules were applied. Particularly, a written treatment protocol had been approved by 
an institutional review board and the patient had signed a consent form before its 
enrollment in the clinical trial performed in a French institution located in Paris, Physicians 
of this institution were experienced with the clinical use of the same formulation by 

5 intravenous mode of administration in patients with myeloid leukemias. Before starting the 
investigational treatment based upon the subcutaneous mode of administration, all routine 
clinical, biochemical and biological investigations including bone marrow aspiration were 
performed to confirm the diagnosis, the clinical characteristics of the patient and also to 
check any possible contra-indication, A 5 mg-vial of lyophilized HHT hydrochloride for 

10 injection was reconstituted with 2.5 mL of saline water for injection. A volume 
corresponding to 1 mg of HHT per square meter of body surface area per day divided in 
two daily subcutaneous Injections (2 subcutaneous injections a day) was administered In a 
short single injection, during a period of nine (9) consecutive days. During this period no 
local sign of intolerance was encountered at the point of injection. Moreover, the Injection 

15 was indolent and neither local signs such as inflammatory reaction, induration, 
tumefaction, pruritus, nor general clinical signs were experienced by the patient. For 
ethical reasons, and due to a total absence of clinically detectable reactions, a biopsy for 
microscopic analysis was not performed. The appended figure 3 illustrates the patient's 
forearm 3 days after five consecutive subcutaneous injections in five close skin areas 

20 (small hematomas, sometimes seen at the point of injection, are caused by 
thrombocytopenia and are not drug related): 

Periphera and white blood cells and platelet counts indicated a relatively fast decrease of 
granulocyts count. Post-induction treatment follow-up indicated a strong myelosuppressive 
25 effect typical of activity of intravenous HHT usually encountered in using a dose of 2.5 
mg/m 2 /day. No additional side-effects or detectable signs of toxicity were experienced by 
the patient during the treatment. Accordingly, it was concluded that subcutaneous HHT Is 
at least as safe and efficient as intravenous HHT. 

30 
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Example 4 

Investigational treatment a patient (No OP-99-04 #02) with an acute leukemia by 
subcutaneous injection of low-dose HHT hydrochloride 

5 

M. Mor. (No OP-99-04 #02) was a patient with a blastic phase of chronic myelogenous 
leukemia resistant to all available approved and investigational chemotherapies and was 
not eligible for bone marrow transplantation. After using the same method of therapy than 
In example 3, no local sign of intolerance was encountered at the various points of 
10 injection. As for the patient of example 3 the injection was indolent and neither local signs 
such as inflammatory reaction, induration, tumefaction, pruritus, nor general clinical signs 
were experienced by this patient For ethical reasons, and due to a total absence of 
clinically detectable reactions, a biopsy for microscopic analysis was not performed. More 
generally, same clinical features as in example 3 were found. 

15 

Example 5 

Investigational treatment a patient (No OP-99-04 #03) with an acute leukemia by 
subcutaneous injection of low-dose HHT hydrochloride 

20 

M. X. (No OP-99-04 #03) was a patient with an acute myeloid leukemia resistant to all 
available approved and investigational chemotherapies and was not eligible for bone 
marrow transplantation. After using the same method of therapy than in example 3 and 4, 
no local sign Of intolerance was encountered at the various points of injection. As for the 
25 patient of example 3 and 4 the injection was indolent and neither local signs such as 
inflammatory reaction, Induration, tumefaction, pruritus, nor general clinical signs were 
experienced by this patient. For ethical reasons, and due to a total absence of clinically 
detectable reactions, a biopsy for microscopic analysis was not performed. Same clinical 
improvements as those seen in example 3 and 4 was found. 
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